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ABSTRACT 
Manure can serve as an effective fertilizer source if used properly or can lead to environmental 
contamination if used improperly. Proper use of manure requires some know ledge of the availability 
of nutrients contained in the manure. To better understand how soil and environmental variables 
effect N mineralization in manure amended soils a laboratory study was conducted to measure N-
mineralization rates as a function of soil texture, water regime, and temperature. This study is part 
of a national effort to develop a model to predict nutrient availability from various manure sources 
across a range of soil and environmental conditions. There was no consistent trend in the effect of 
soil texture on N-mineralization rates. Manure addition increased N-rnineralization rates in all three 
soils. As temperature increased, N-mineralization rates also increased in control and manure 
amended soils. Subjecting the soil to wetting and drying cycles did not affect N-mineralization rates 
likely because the drying cycle was not severe enough to negatively influence microorganism 
activity. The percentage of manure N mineralized during the experiment ranged from 60% in a fine 
sand soil to 129% in a silty clay loam soil. Results suggest that as soil temperatures increase, as they 
commonly do during the early part of the growing season, N-mineralization rates in swine manure 
amended soils will also increase. As crop demand for N increases, swine manure should be effective 
in meeting that demand. 
INTRODUCTION 
Swine production in the United States is becoming more concentrated with fewer large 
operations producing a majority of the animals. As animal production becomes more concentrated, 
waste management becomes more important and the potential for negative environmental impacts 
increases. Swine excrete large amount of Nand P in manure annually. Use properly as a fertilizer 
source, this manure could meet a large percentage of the fertilizer needs. Used improperly, there is 
great potential for environmental contamination. 
Proper application of manure requires knowledge of nutrient content and availability. 
Nutrient content can be determined by sending a representative sample to an analytical laboratory. 
Determining the availability of applied nutrients is more difficult as nutrients undergo a number of 
chemical and microbially mediated reactions in the soil. To better understand nutrient availability 
in swine manure amended soils, a study was conducted to determine N-mineralization rates as a 
function of soil texture, temperature, and moisture regime. This study is part of a national effort 
being conducted by several USDA-ARS laboratories using a standard protocol to determine N-
mineralization rates in soils amended with various animal manures. Results of this study will 
contribute to a national database used to develop a model that will better predict nutrient availability 
in manure amended soils. 
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Denver, Colorado, March 5-6, 2002, ed. Alan J. Schlegel. 
MATERIALS AND METHODS 
Variables included in this experiment were soil texture (three soils ranging from a silty clay 
loam to a fine sand), temperature (soils incubated at 18,25, and 32°C), and soil moisture regime (soil 
moisture maintained at 60% water filled pore space (WFPS) or soil cycled through four wet-dry 
cycles starting wet at 60% WFPS and drying to 30% WFPS before being wetted again). In addition, 
soils were either incubated as collected in the field or amended with swine manure at a rate of 350 
kg N ha· l . The experiment was replicated three times giving a total of 108 experimental units. 
Three soils having different textures were used in this study. The Catlin loam is classified 
as a fine-silty, mixed, superactive, mesic Oxyaquic Arguidoll having a C concentration of28.6 g kgl 
and a N concentration of 1.7 g kg-I. The Sharpsburg silty clay loam is classIfied as a Fine, smectitic, 
mesic Typic Argiudolls having a C concentration of 18.0 g kg- I and a N concentration of 1.0 g kg=l. 
The Valentine fine sand is classified as a Mixed, mesic Typic U stipsamments with a C concentration 
of 9.0 g kg-I. Total N was not determined for the Valentine soil. Soils were air dried and passed 
through a 2mm sieve. 
Swine manure (feces and urine) was collected from grower stage animals for several weeks 
during the spring of 2001. Manure was mixed and a subsample collected and stored at 4°C for use 
in this study. Manure contained 4.4 g N kg- I and 0.7 g P kg- I with 64% of the N being in the 
inorganic form. 
Soil (250 g) was placed into 2 liter jars. Manure was added to jars in the manure amendment 
treatment. Distilled water was added to all jars to wet the soil to 60% WFPS. The soil in each jar was 
than packed to the appropriate bulk density (1.2 g cm-3 for the Catlin soil, l.3 g cm-3 for the 
Sharpsburg soil, and 1.4 g cm-3 for the Valentine soil). A lid having a 1.2 cm diameter hole (to allow 
aeration and evaporation) was placed on each jar. Jars were placed in the appropriate incubator and 
maintained at the treatment temperature. Jars were weighed every two or three days. Distilled water 
was added as needed to jars in the constant moisture regime to maintain 60% WFPS. Jars in the wet-
dry regime were allowed to dry to 30% WFPS before distilled water was added to bring soil moisture 
to 60% WFPS. 
Soil in each jar was sampled on the day the experiment was set up and at the end of each 
drying cycle. Each soil dried at a different rate and drying times varied with temperature. Therefore. 
alljars containing a given soil at a particular temperature were sampled when the jars containing that 
soil in the varying moisture treatment reached 30% WFPS. When the soil in the varying moisture 
treatment dried to 30% WFPS, soil in all jars for that soil at that temperature were wetted to 60% 
WFPS and allowed to set for 4 hours to allow water distribution to equilibrate. Approximately 10 
g of moist soil was removed with a coring device. Five grams of soil was used for moisture 
determination and 5 g was used to determine inorganic N concentration. Inorganic N was determined 
from 10: 1 2 M KCI extracts colorimetric ally using a Lachat flow-through ion analyzer (Zellweger 
Analytics, Lachat Instruments Div., Milwaukee, WI). Nitrate-N was determined using the Cd 
reduction method and NH4 + - N was determined using the Indophenol blue method (M ul vaney, 1996). 
Immediately after sampling, jars were returned to the appropriate incubator. 
Nitrogen mineralization rates (kg N ha- I dafl) were calculated by dividing net N mineralized 
(inorganic N present at the end of an incubation period minus the initial inorganic N concentration 
in the controls) by the length of the incubation period. Results are presented separately for each soil 
as a function of manure treatment, soil water regime, and temperature. 
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RESULTS AND DICUSSSION 
Addition of swine manure increased N-mineralization rates in the Catlin soil (Table 1). At 
18°C, mineralization rates were 10 fold higher in the manure treatment than in the control while at 
the two higher temperatures the increase in mineralization rates was about 5 fold. In all treatments. 
as temperature increased N-mineralization rates increased (Table 1). Under a varying water regime 
N-mineralization rates were lower than in the constant water regime at 18°C while at the two higher 
temperatures N mineralization rates were similar between the two water regimes (Table 1). During 
the course of the incubation 100% of the N added as swine manure was mineralized. 
Table 1. Net N-mineralization (kg N ha-I day-I) in the Catlin soil as a function of manure 
treatment, soil water regime, and temperature. 
Temperature 
----------------------------------Manure T reatmen t ----------------------------------
-----------------Con tro 1----------------- ----------------Man ure-----------------
Constant 
0.56 
1.06 
1.14 
Varying 
0.24 
0.83 
0.79 
Constant 
5.63 
4.93 
6.58 
Varying 
2.40 
5.79 
6.84 
Addition of swine manure increased N-mineralization rates in the Sharpsburg soil (Table 2). In all 
treatments, as temperature increased N-mineralization rates increased (Table 2). The effect of 
temperature was most pronounced in the manure treatment where N-mineralization rates increased 
over 5 fold, compared to a 3-fold increase in the control treatment, as temperature increased from 
18°C to 32°C. Mineralization rates were similar between the two water regimes at 25 and 32°C in 
the Sharpsburg soil (Table 2). During the course of the laboratory incubation, N mineralized was 
130% of that added as swine manure suggesting a priming effect in this soil. 
Addition of swine manure increased N-mineralization rates in the Valentine soil (Table 3). 
In all treatments, as temperature increasedN-mineralization rates increased (Table 3). Mineralization 
rates were similar between the two soil water regimes in the Valentine soil (Table 3). During the 
course of the laboratory incubation, 60% of the N added as swine manure was mineralized. 
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Table 2. Net N-mineralization (kg N ha- l day-I) in the Sharpsburg soil as a function of manure 
treatment, soil water regime, and temperature. 
Temperature 
----------------------------------Manure T reatmen t ----------------------------------
-----------------Co n tro 1----------------- ----------------Man ure-----------------
Constant 
0.71 
0.84 
2.87 
Varying 
0.72 
0.94 
1.29 
Constant 
3.28 
6.18 
16.44 
Varying 
2.63 
5.66 
20.82 
Table 3. Net N-mineralization (kg N ha- l day-I) in the Valentine soil as a function of manure 
treatment, soil water regime, and temperature. 
Temperature 
----------------------------------Manure T reatmen t ----------------------------------
-----------------Con tro 1----------------- ----------------Man ure-----------------
Constant 
0.20 
0.90 
0.80 
Varying 
0.16 
-0.12 
1.12 
Constant 
2.23 
2.97 
8.81 
Varying 
2.29 
3.44 
5.61 
The observed increase in N-mineralization rates with manure addition in all three soils was 
expected. Manure is an effective nutrient input and has been used for centuries. The response to 
temperature was also expected. The response to temperatures suggests that as soil temperatures 
increase, N-mineralization will also increase. Crop growth should also increase as soil temperatures 
increase in spring and early summer. Therefore, N availability and crop demand should be somewhat 
synchronized when manure is used as a fertilizer source. The magnitude of the response of N-
mineralization rate to a fluctuating soil water regime was unexpected. The likely reason that wetting 
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-drying cycles did not have a major affect on N-mineralization rates is that the drying cycle was not 
extreme enough or allowed to persist for a long enough period of time. Within the range of 30 to 
60% WFPS soil moisture conditions are conducive to microorganism activity (Doran et al., 1990). 
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